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(57) ABSTRACT

A throttle device includes a rotating member coupled to a
throttle shaft and rotated by a drive source, and a coil spring
interposed between a throttle body and the rotating member
and configured to bias the throttle valve toward a default
position. The coil spring has a first spring portion, a second
spring portion, and an intermediate hook portion for con-
necting the first spring portion and the second spring portion.
The rotating member includes an inner periphery supporting
portion that supports an inner peripheral side of the first
spring portion, an outer periphery supporting portion that
supports an outer peripheral side of the first spring portion,
and a blocking structure for preventing the first spring
portion from being fitted to an outside of the outer periphery
supporting portion when assembling the coil spring.

6 Claims, 11 Drawing Sheets
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1
THROTTLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese patent appli-
cation serial number 2022-125466 filed Aug. 5, 2022, the
contents of which are hereby incorporated herein by refer-
ence in its entirety for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND

The present disclosure relates generally to throttle devices
for vehicles.

The throttle device of an automobile that regulates an
amount of intake air supplied to an engine typically opens
and closes an intake passage defined in a body by rotating a
shaft fixed to a throttle valve (disc) using an electric motor.
In many cases, such a throttle device is provided with a
mechanism for shifting a throttle valve to a predetermined
default position to ensure a certain amount of intake air, even
when the power energization to the electric motor is cut off.
For example, according to a throttle device disclosed in
JP2020-033942A, a throttle valve is biased toward the
default position by a coil spring (torsion spring). Specifi-
cally, the coil spring is mounted between a final gear of a
gear train for transmitting the rotation of an electric motor to
a shaft and a body of the throttle device.

The coil spring that biases the throttle valve toward the
default position may be significantly eccentric at some parts
of its loops depending on how the coil spring is mounted,
and thus, a supporting member may be provided inside and
outside of the coil spring to prevent the eccentricity. For
example, in the above publication, an outer periphery sup-
porting portion is provided in the gear for holding the loop
that attempts to shift eccentrically from the outside of the
coil spring. However, if such an outer periphery supporting
portion is provided, the coil spring may be accidentally and
undesirably attached to the outside of the outer periphery
supporting portion when assembled to the gear.

SUMMARY

One aspect of the present disclosure is a throttle device
including a throttle body that defines an intake passage, a
throttle valve that opens and closes the intake passage, a
throttle shaft coupled to the throttle valve, a rotating member
coupled to the throttle shaft and rotated by a drive source,
and a coil spring interposed between the throttle body and
the rotating member to bias the throttle valve toward a
default position. The coil spring may include a first spring
portion having a first end, a second spring portion having a
second end, and an intermediate hook portion connecting the
first spring portion and the second spring portion. The first
end is engaged to a first spring engaging portion provided in
the rotating member. The second end is engaged to a second
spring engaging portion provided in the throttle body. The
intermediate hook portion is engaged to at least one of a first
stopper provided at the rotating member and a second
stopper provided at the throttle body. The throttle device
further includes an inner periphery supporting portion pro-
vided in the rotating member or the throttle shaft. The inner

10

15

20

25

30

35

45

50

55

60

65

2

periphery supporting portion is configured to support an
inner peripheral side of the first spring portion. The throttle
device further includes an outer periphery supporting por-
tion provided in the rotating member. The outer periphery
supporting portion is configured to support an outer periph-
eral side of the first spring portion. The rotating member has
a blocking structure that prevents the first spring portion
from being fitted into the outside of the outer periphery
supporting portion when assembling the coil spring. This
prevents the outer periphery supporting portion from being
impaired in its ability to exert its effect as the coil spring is
attached to the rotating member at the incorrect position.

In some embodiments, the blocking structure is located
between the outer periphery supporting portion of the rotat-
ing member and the first spring engaging portion. This
location prevents the first spring portion from being fitted at
an incorrect position with respect to the outer periphery
supporting portion, while the first end of the coil spring is
engaged to the first spring engaging portion of the rotating
member.

In some embodiments, the blocking structure is config-
ured to prevent a first loop on the side of the first end of the
first spring portion from being completely shifted to the
outside of the outer periphery supporting portion when the
intermediate hook portion is engaged to the first stopper, and
while the first end of the coil spring is engaged to the first
spring engaging portion of the rotating member. This con-
figuration prevents the first spring portion from being
attached at an incorrect position, even if a part of the first
spring portion is significantly eccentric due to the force
applied to the intermediate hook portion.

In some embodiments, the blocking structure is config-
ured to prevent a first loop on the side of the first end of the
first spring portion from being fitted in a position where
passing by an outside of the outer periphery supporting
portion, and while the first end of the coil spring is engaged
to the first spring engaging portion of the rotating member
and the first loop on the side of the first end of the first spring
portion is in contact with an internal surface of the blocking
structure. This configuration prevents the first spring portion
from being attached at an incorrect position, even if a part
of'the first spring portion is significantly eccentric due to the
force applied to the intermediate hook portion, when the coil
spring is attached to the rotating member.

In some embodiments, the blocking structure protrudes
axially from a base of the rotating member. The blocking
structure includes an inner inclined surface that inclines
inward from a top of the blocking structure toward the base
of' the rotating member. When the first spring portion is fitted
to an outside of the outer periphery supporting portion, the
inner inclined surface of the blocking structure prevents the
first spring portion from being fitted at that position. Further,
since the inner inclined surface is inclined outward toward
the top of the blocking structure, at least a loop on the side
of the intermediate hook portion of the first spring portion is
prevented from sliding to the blocking structure.

In some embodiments, the first spring portion is an opener
spring portion that operates when the throttle valve is closed
to a degree greater than when the throttle valve is in the
default position. The second spring portion is a return spring
portion that operates when the throttle valve is open to a
degree greater than when the throttle valve is in the default
position. This prevents the opener spring portion from being
attached at the incorrect position. In particular, when the
number of loops of the opener spring portion is less than the
number of loops of the return spring portion, the reaction
force from the spring engaging portion is not easily dis-
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persed to each loop of the opener spring portion, while the
amount of eccentricity of each loop is prone to be significant
when being attached or used, and the further closed side than
the default position is prone to being used more frequently
and operated more often. Therefore, it is believed that the
importance of the above-mentioned outer periphery support-
ing portion and blocking structure will increase.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an embodiment of a
throttle device in accordance with principles described
herein.

FIG. 2 is a cross-sectional view of the throttle device of
FIG. 1 shown in a plane passing through a motor and a
throttle shaft.

FIG. 3 is an exploded view of the throttle device of FIG.
1.

FIG. 4 is a perspective view of the throttle gear of the
throttle device of FIG. 1.

FIG. 5 is a front view of the throttle gear of FIG. 4 with
an opener spring portion of a coil spring attached, and with
the coil spring cut at an intermediate hook portion.

FIG. 6 is a front view of the housing of the throttle device
of FIG. 1 with the cover open and with the throttle valve in
the default position.

FIG. 7 is a front view of the housing of the throttle device
of FIG. 1 with the cover open and with the throttle valve in
the fully closed position.

FIG. 8 is a front view of the housing of the throttle device
of FIG. 1 with the cover open and the throttle valve in the
fully open position.

FIG. 9 is a front view of the eccentric opener spring
portion and the outer peripheral support portion of the
throttle device of FIG. 1 as viewed in an axial direction.

FIG. 10 is a side view of the eccentric opener spring
portion and the outer periphery supporting portion of the
throttle device of FIG. 1.

FIG. 11 is a front view of the eccentric opener spring
portion of the coil spring of the throttle device of FIG. 1
without an outer periphery supporting portion as viewed in
the axial direction.

FIG. 12 is a side view of the eccentric opener spring
portion of FIG. 11.

FIG. 13 is a perspective view of the coil spring of the
throttle device of FIG. 1 about to be fit correctly inside of the
outer periphery supporting portion while being attached to
the throttle gear.

FIG. 14 is a perspective view of the coil spring of the
throttle device of FIG. 1 that is about to be accidentally fit
outside of the outer periphery supporting portion while
attaching the coil spring to the throttle gear having no
blocking structure.

FIG. 15 is front view of the significantly eccentric coil
spring of the throttle device of FIG. 1 while being attached
to the throttle gear and the blocking structure that prevents
its eccentricity as viewed in the axial direction.

FIG. 16 is a side view of the opener spring portion of the
coil spring of the throttle device of FIG. 1 that is not allowed
to be fitted because it is engaged by an inner inclined surface
of'the blocking structure and the outer inclined surface of the
outer periphery supporting portion.

FIG. 17 is an enlarged cross-sectional view of the coil
spring of FIG. 1 fitted inside the blocking structure.

DETAILED DESCRIPTION

Hereinafter, various embodiments will be described with
reference to the drawings.
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FIGS. 1 to 3 illustrate an embodiment of a throttle device
10 for adjusting an amount of air intake to the engine
mounted on a vehicle such as an automobile. The throttle
device 10 includes a throttle body 12 including an intake
passage 13. The throttle body 12 may be made of metal or
resin with a metal core. The throttle device 10 also includes
a rotatable disc-shaped throttle valve (disc) 15 configured to
rotate within the intake passage 13 to adjust the flow rate of
air passing through the intake passage 13. The throttle valve
15 is fixably attached to a throttle shaft 17 rotatably sup-
ported by bearings 18 and 19, which are attached to the
throttle body 12 on both sides of the intake passage 13. The
throttle valve 15 is rotatable from a fully closed position
(FIG. 7) with the valve 15 oriented substantially perpen-
dicular to the intake passage 13 to a fully open position (FIG.
8) with the valve 15 oriented substantially parallel to the
intake passage 13. The throttle valve 15 opens and closes as
the throttle shaft 17 rotates. Both the throttle valve 15 and
the throttle shaft 17 may be made of metal.

The throttle device 10 includes a motor 22 for driving the
rotation of the throttle valve 15. In particular, the rotation
output by the motor 22 is transmitted to the throttle shaft 17
via a transmission mechanism. The motor 22 and the trans-
mission mechanism are housed in a housing defined by the
throttle body 12, and the throttle body 12 includes a cover
29 that closes the housing. As one exemplary embodiment,
the transmission mechanism includes a drive gear 24 fixed
to an output shaft 23 of the motor 22, an intermediate gear
26 rotatably supported on the throttle body 12 via an
intermediate shaft 27, and a throttle gear 20, which is a
driven gear coaxially aligned with and fixably attached to
the throttle shaft 17. The intermediate gear 26 has a large
diameter toothed portion 26a and a small diameter toothed
portion 265 coaxially aligned with and fixably attached to
the intermediate shaft 27. The drive gear 24 is meshed to the
large diameter toothed portion 26a of the intermediate gear
26. Teeth 28 of the throttle gear 20 are meshed to the small
diameter toothed portion 265 of the intermediate gear 26.
The throttle gear 20 may be made of resin. The throttle shaft
17 is inserted into a mounting hole 21 formed in the throttle
gear 20 and fixed by caulking the end. The motor 22 is
controlled by an external electronic control unit (ECU). The
opening angle of the throttle valve 15 is adjusted by con-
trolling the rotation direction and the rotation amount of the
motor 22.

As shown in FIGS. 2 and 3, the throttle device 10 includes
a coil spring 30 that biases the throttle valve 15 toward a
predetermined default position (FIG. 6) that is a slightly
open position from the fully closed position (FIG. 7). The
coil spring 30 functions as a torsion spring. When the motor
22 is energized (that is, when the output shaft 23 can be
controlled), the throttle valve 15 can be rotated to any
position between the fully closed position (FIG. 7) and the
fully open position (FIG. 8) against the biasing force of the
coil spring 30. However, when the energization to the motor
22 is cut off; the throttle valve 15 is automatically rotated to
the default position by the biasing force of the coil spring 30,
such that a small amount of air can be supplied to the engine
through the intake passage 13.

Specifically, the coil spring 30 includes a return spring
portion 35 (for example, approximately six loops) and an
opener spring portion 37 (for example, approximately two
loops) that are wound in opposite directions. The coil spring
30 is interposed between the throttle body 12 and the throttle
gear 20. Both ends 31 and 32 of the coil spring 30 are bent
s0 as to protrude outward in the radial direction. One end 31
is engaged with a body-side spring engaging portion 40 of
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the throttle body 12. The other end 32 is engaged with a
gear-side spring engaging portion 42 of the throttle gear 20.
The end 31 engaged to the throttle body 12 is also an end of
the return spring portion 35. The end 32 engaged to the
throttle gear 20 is also an end of the opener spring portion
37.

As shown in FIGS. 3 and 5, a connection between the
return spring portion 35 and the opener spring portion 37 is
a U-shaped folded portion. The folded portion is bent so as
to protrude outward in the radial direction. The bent folded
portion engages at least one of a gear-side stopper 44 of the
throttle gear 20 and a body-side stopper 46 of the throttle
body 12 as an intermediate hook portion 33. When the
throttle gear 20 is in the default position (FIG. 6), the
intermediate hook portion 33 engages both the gear-side
stopper 44 of the throttle gear 20 and the body-side stopper
46 of the throttle body 12. At this time, both the return spring
portion 35 and the opener spring portion 37 are twisted in a
diameter-reducing direction from a relaxed, natural state to
a preloaded state (a state in which elastic energy is accu-
mulated and stored).

As shown in FIGS. 6-7, when the throttle gear 20 attempts
to rotate from the default position toward the fully closed
position by driving the motor 22, the intermediate hook
portion 33 of the coil spring 30 engages the body-side
stopper 46 of the throttle body 12, and thus, the bias of the
return spring portion 35 is free from the throttle gear 20
because both ends of the return spring portion 35 are
restricted by the throttle body 12. On the other hand, since
the throttle gear 20 rotates relatively to the throttle body 12
while the intermediate hook portion 33 engages the body-
side stopper 46, the gear-side stopper 44 of the throttle gear
20 moves away from the intermediate hook portion 33.
Since the throttle gear 20 rotates while holding the end 32 of
the coil spring 30, the opener spring portion 37 is twisted
further in the diameter-reducing direction. If the energiza-
tion to the motor 22 is cut off when the throttle gear 20 is on
the side of the fully closed position rather than the default
position, the throttle gear 20 is returned to the default
position due to the biasing force of the opener spring portion
37.

As shown in FIGS. 6 and 8, when the throttle gear 20
rotates from the default position toward the fully open
position by driving the motor 22, the intermediate hook
portion 33 remains engaged to the gear-side stopper 44 of
the throttle gear 20, and thus, the bias of the opener spring
portion 37 is free from the throttle gear 20 because both ends
of the opener spring portion 37 are engaged with the throttle
gear 20. On the other hand, since the throttle gear 20 rotates
relative to the throttle body 12 while the intermediate hook
portion 33 engages the gear-side stopper 44, the return
spring portion 35 is twisted further in a diameter-reducing
direction. If the energization to the motor 22 is cut off when
the throttle gear 20 is on the side of the fully open position
rather than the default position, the throttle gear 20 is
returned to the default position due to the biasing force of the
return spring portion 35.

Referring still to FIGS. 6 and 8, when the throttle gear 20
rotates between the default position and the fully closed
position, the opener spring portion 37 is twisted; however,
the rotation amount of each part of the coil wire of the
opener spring portion 37 is not uniform. For example, since
a part of the opener spring portion 37 close to the end 32 and
held by the throttle gear 20 rotates following the throttle gear
20, the relative rotation amount with respect to the throttle
gear 20 is small. On the other hand, the relative rotation
amount with respect to the throttle gear 20 increases, since
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a part of the opener spring portion 37 close to the interme-
diate hook portion 33 and restricted by the body-side stopper
46 has a smaller rotation amount with respect to the throttle
body 12.

As shown in FIGS. 4 and 5, the throttle gear 20 has an
inner periphery supporting portion 47 that protrudes radially
toward the inside of the coil spring 30 and prevents the coil
spring 30 from being eccentric. As one example, the inner
periphery supporting portion 47 is formed as a tubular
portion protruding from a plate-shaped base on which the
teeth 28 of the throttle gear 20 are formed. The above-
described mounting hole 21 for fixing the throttle shaft 17
may be formed into a metal plate bonded to the inside of the
tubular inner periphery supporting portion 47 by insert
molding. The inner periphery supporting portion 47 has a
height that passes through at least the opener spring portion
37, and may also have a height so as to project inside of the
return spring portion 35 (for example, from the intermediate
hook portion 33 up to approximately two loops of the return
spring portion 35).

As schematically illustrated in FIGS. 9 and 10, since the
opener spring portion 37 is mounted while being twisted in
a diameter-reducing direction in a preloaded state, a loop
37a on the side of the end 32 of the opener spring portion 37
seeks an eccentric configuration in substantially the same
direction (arrow 70) as the reaction force is applied from the
gear-side spring engaging portion 42 with respect to the axis
of the throttle gear 20. The inner periphery supporting
portion 47 supports the inner peripheral side of the loop 37«
on the side of the end 32 of the opener spring portion 37. The
inner periphery supporting portion 47 also prevents the coil
spring 30 from being eccentric in response to being twisted
due to the rotation of the throttle gear while the throttle
device 10 is operating.

As another exemplary embodiment (not shown), an inner
peripheral support similar to the inner periphery supporting
portions 47 may also be formed on the throttle shaft 17
instead of the throttle gear 20.

As shown in FIG. 2, the throttle body 12 has a bearing
holding portion 45 that holds the bearing 18 closer to the
throttle gear 20. The bearing holding portion 45 may be
formed with a length that protrudes inside of the return
spring portion 35, and the bearing holding portion 45 may
function as an inner periphery supporting portion with
respect to the return spring portion However, the inner
periphery supporting portion simply refers to the inner
periphery supporting portion 47 with respect to the opener
spring portion 37.

As shown in FIGS. 4 and 5, the throttle gear 20 includes
at least one outer periphery supporting portion 50 in contact
with the outer peripheral side of the opener spring portion 37
of'the coil spring 30. The outer periphery supporting portion
50 is integrally formed with the throttle gear 20. As one
exemplary embodiment, the outer periphery supporting por-
tion 50 extends from the base 48 on which the teeth 28 of the
throttle gear 20 are formed to the same side as the inner
periphery supporting portion 47. For example, the outer
periphery supporting portion 50 may have a shape that
contacts the opener spring portion 37, may have a cylindrical
shape, and extend parallel to the axial direction of the
throttle gear 20.

FIGS. 11 and 12 schematically illustrate a throttle gear
120 formed without the outer periphery supporting portion
50. If the throttle gear 120 is used, since a preload is applied
to the opener spring portion 37, the loop 376 on the side of
the intermediate hook portion 33 of the opener spring
portion 37 is significantly shifted eccentrically toward the
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axis of the throttle gear in substantially same direction
(arrow 72) as the reaction force is applied from the body-
side stopper 46. In particular, since the number of loops
(approximately 2 loops) of the opener spring portion 37 is
relatively small, the reaction force applied from the body-
side stopper 46 and the gear-side spring engaging portion 42
is not easily dispersed to each loop so that an amount of
eccentricity of each loop of the opener spring portion 37
tends to be significant. Therefore, a part of the opener spring
portion 37 close to the intermediate hook portion 33 (right
side in the figure) is pressed against the inner periphery
supporting portion 47, while a part on the opposite side (left
side in the figure) is greatly separated from the inner
periphery supporting portion 47. When the throttle gear 20
rotates from the default position toward the fully closed
position, the opener spring portion 37 is further twisted in
the diameter-reducing direction so that the force of the
opener spring portion 37 that presses the inner periphery
supporting portion 47 increases. When the throttle gear 20
rotates between the default position and the fully closed
position, the relative rotation amount of the part of the
opener spring portion 37 close to the intermediate hook
portion 33 with respect to the throttle gear 20 is greater,
since the intermediate hook portion 33 is restricted by the
body-side stopper 46 as described above. Therefore, when
this part of the opener spring portion 37 is pressed against
the inner periphery supporting portion 47, friction is gener-
ated between the opener spring portion 37 and the inner
periphery supporting portion 47 when the throttle gear 20
rotates, resulting in the rotational resistance of the throttle
gear 20.

On the other hand, as shown in FIGS. 9 and 10, in the case
of the above-described embodiment in which the outer
periphery supporting portion 50 is provided at the throttle
gear 20, the outer periphery supporting portion 50 contacts
the outer peripheral side of the loop 375 on the side of the
intermediate hook portion 33 of the opener spring portion
37, thereby preventing the opener spring portion 37 from
becoming eccentric. The loop 375 on the side of the inter-
mediate hook portion 33 is separated from the inner periph-
ery supporting portion 47 of the throttle gear 20. Therefore,
the inner peripheral side of the loop 375 on the side of the
intermediate hook portion 33 of the opener spring portion 37
is separated from the inner periphery supporting portion 47.
Friction generated between the opener spring portion 37 and
the inner periphery supporting portion 47 can be thus
eliminated when the throttle gear 20 rotates between the
default position and the fully closed position. This allows for
a reduction in the friction of the inner periphery supporting
portion 47 and the load on the motor 22 so that the
downsizing of the motor 22 and the reduction in the reduc-
tion ratio of the transmission mechanism can be achieved,
thereby allowing for the downsizing of the throttle device
10.

As another exemplary embodiment (not shown), the outer
periphery supporting portion may be configured to reduce
the force of the opener spring portion 37 to press the inner
periphery supporting portion 47 instead of completely sepa-
rating the loop 37 on the side of the intermediate hook
portion 33 of the opener spring portion 37 from the inner
periphery supporting portion 47. Specifically, it may be
configured to press the opener spring portion 37 back in a
direction opposite to the direction in which the opener spring
portion 37 seeks to become eccentric (arrow 72 in FIG. 9).
Consequently, friction generated between the opener spring
portion 37 and the inner periphery supporting portion 47 can
be reduced when the throttle gear rotates.
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As shown in FIG. 5, the outer periphery supporting
portion 50 may be configured to contact the loop 375 on the
side of the intermediate hook portion 33 of the opener spring
portion 37 at a position within a range of approximately 180
degrees to 360 degrees (for example, approximately 270
degrees) from the intermediate hook portion 33. As a result
of such positioning, contact at a location where the relative
rotation between the opener spring portion 37 and the inner
periphery supporting portion 47 that is relatively large can
be avoided, and friction therefore can be effectively reduced.

The distance from the axis of the throttle gear 20 to the
outer peripheral surface of the inner periphery supporting
portion 47 may not necessarily be constant. For example, the
distance may be set large at a part of the outer peripheral
surface of the inner periphery supporting portion 47 to
support the loop 37a on the side of the end 32 of the opener
spring portion 37, and may be set small at a part where the
loop 376 on the side of the intermediate hook portion 33 of
the opener spring portion 37 approaches the outer peripheral
surface due to being eccentric.

As shown in FIG. 10, the minimum interval d between the
inner periphery supporting portion 47 on which the opener
spring portion 37 is arranged and the outer periphery sup-
porting portion 50 may be less than two times of the
diameter of the coil wire of the opener spring portion 37.
This prevents the coil wires of the opener spring portion 37
from overlapping between the inner periphery supporting
portion 47 and the outer periphery supporting portion 50,
and stabilizes the position of the opener spring portion 37.

As shown in FIG. 13, in order to attach the coil spring 30
to the throttle gear 20, the intermediate hook portion 33 is
engaged to the gear-side stopper 44 while twisting the
opener spring portion 37 in the diameter reducing-direction
after the end 32 is engaged to the gear-side spring engaging
portion 42. The opener spring portion 37 is fitted between
the inner periphery supporting portion 47 and the outer
periphery supporting portion 50.

As shown in FIGS. 4 and 13, the throttle gear 20 includes
a blocking structure 60 to prevent the coil spring 30 from
being attached in the incorrect position. The blocking struc-
ture 60 may be a block extending from the base 48 of the
throttle gear 20 to the same side as the periphery supporting
portion 50. The blocking structure 60 is preferably posi-
tioned between the outer periphery supporting portion 50 of
the throttle gear 20 and the gear-side spring engaging portion
42. As one specific example, the blocking structure 60 may
be an arc-shaped block extending over an angular range of
approximately 45 degrees as seen from the axis of the
throttle gear 20.

FIG. 14 shows a throttle gear 220 that is formed without
the blocking structure 60.

When the throttle gear 220 is used, the opener spring
portion 37 moves over the outer periphery supporting por-
tion 50 and is easily fitted outside in the process of attaching
the coil spring 30. As described above, since the number of
loops (approximately 2 loops) of the opener spring portion
37 is relatively small, the amount of eccentricity of each
loop of the opener spring portion 37 increases at the time of
assembly, which facilitates the spring portion 37 moving
over the outer periphery supporting portion 50. When the
opener spring portion 37 is attached at an incorrect position,
the effect of the above-described outer periphery supporting
portion 50 that separates the loop 375 on the side of the
intermediate hook portion 33 of the opener spring portion 37
away from the inner periphery supporting portion 47 is not
exhibited.
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On the other hand, when the blocking structure 60 is
provided as shown in FIGS. 15 and 16, at least the loop 374
on the side of the end 32 of the opener spring portion 37 is
prevented from moving completely to the outside of the
outer periphery supporting portion 50, even if the opener
spring portion 37 is significantly shifted eccentrically due to
the force (arrow 74) applied to the intermediate hook portion
33 when the intermediate hook portion 33 engages the
gear-side locking portion while the end 32 of the opener
spring portion 37 engages the gear-side spring engaging
portion 42 of the throttle gear 20. Further, under the condi-
tion that the end 32 of the coil spring 30 is engaging the
gear-side spring engaging portion 42 of the throttle gear 20,
the loop 37a on the side of end 32 of the opener spring
portion 37 is not fitted at the position passing through the
outside of the outer periphery supporting portion 50 while
being in contact with the blocking structure 60. This pre-
vents the opener spring portion 37 from being attached at an
incorrect position, even when the loop 3756 on the side of the
intermediate hook portion 33 of the opener spring portion 37
is shifted so as to be significantly eccentric to the outside of
the outer periphery supporting portion 50.

As shown in FIG. 4, the blocking structure 60 may also be
provided with an inner inclined surface 62 that inclines
inward (inner periphery supporting portion 47 side) from the
top of the blocking structure 60 toward the base 48 of the
throttle gear 20. As shown in FIGS. 15 and 16, even if the
opener spring portion 37 attempts to fit outside of the outer
periphery supporting portion 50, the inner inclined surface
62 of the blocking structure 60 prevents the opener spring
portion 37 from being fitted at that position. Further, as
shown in FIG. 17, since the inner inclined surface 62 is
outwardly inclined toward the top of the blocking structure
60, the loop 375 on the side of the intermediate hook portion
33 of the opener spring portion 37 is prevented from sliding
to the blocking structure 60 when the throttle gear 20 rotates.
When the opener spring portion 37 is correctly assembled to
the throttle gear 20, the outer periphery supporting portion
50 contacts the outer peripheral side of the loop 376 at the
intermediate hook portion 33 of the opener spring portion 37
to prevent from being eccentric of the opener spring portion
37. At this time, the blocking structure 60 does not contact
the opener spring portion 37.

As shown in FIG. 4 and FIG. 16, the outer periphery
supporting portion 50 may be provided with an outer
inclined surface 52 that inclines inward from the base 48 of
the throttle gear 20 toward the top of the outer periphery
supporting portion 50. Therefore, even if the opener spring
portion 37 attempts to fit outside of the outer periphery
supporting portion 50, the outer inclined surface 52 of the
outer periphery supporting portion 50 and the inner inclined
surface 62 of the blocking structure 60 prevent the opener
spring portion 37 from being fitted at such position. Also, the
opener spring portion 37 easily returns to the correct posi-
tion after moving over the inside and sliding on the outer
inclined surface 52 of the outer periphery supporting portion
50 due to the force to twist the opener spring portion 37
further.

As another exemplary embodiment (not shown), a coil
spring may be used for the coil spring 30 in a form of a
mirror image to the one as illustrated, depending on the
rotation direction required to open and close the throttle
valve 15 and the direction of the throttle shaft 17 extending
from the throttle valve 15. Even when the mirror image form
is used, the return spring portion and the coil spring are still
wound in opposite directions.
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As yet another exemplary embodiment, the number of
loops of the return spring portion 35 and the opener spring
portion 37 of the coil spring 30 may be different from those
illustrated in the drawings. As another exemplary embodi-
ment, the relative size of the diameter of each loop of the
return spring portion 35 and the opener spring portion 37
may also be set to a size differently from illustrated in the
drawings.
As yet another exemplary embodiment, the first spring
portion engaged to the throttle gear 20 among the two spring
portions constituting the coil spring 30 may serve as a return
spring portion, while the second spring portion engaged to
the throttle body 12 may serve as an opener spring portion.
In this case, the rotation direction of the throttle gear 20
when opening and closing the throttle valve 15 is opposite
to the direction shown in FIG. 5. Even in such an embodi-
ment, it is possible to prevent the return spring portion from
being eccentric by providing an outer periphery supporting
portion. Providing a blocking structure as described above
prevents the return spring portion from being attached at an
incorrect position with respect to the throttle gear 20.
Although specific embodiments have been described
above, the present technology shall not be limited to these
embodiments, and those skilled in the art may make various
substitutions, improvements, and modifications without
departing from the gist of the present technology.
What is claimed is:
1. A throttle device, comprising:
a throttle body including an intake passage, a throttle
valve positioned in the intake passage and configured to
open and close the intake passage;
a throttle shaft coupled to the throttle valve;
a rotating member coupled to the throttle shaft and
configured to be rotated by a drive source;
a coil spring interposed between the throttle body and the
rotating member, wherein the coil spring biases the
throttle valve toward a default position,
wherein the coil spring includes a first spring portion
having a first end, a second spring portion having a
second end, and an intermediate hook portion con-
necting the first spring portion and the second spring
portion; and

wherein the first end of the first spring portion engages
a first spring engaging portion of the rotating mem-
ber, the second end engages a second spring engag-
ing portion of the throttle body, and the intermediate
hook portion engages at least one of a first stopper of
the rotating member and a second stopper of the
throttle body;

an inner periphery supporting portion provided of the
rotating member or the throttle shaft configured to
support an inner peripheral side of the first spring
portion; and

an outer periphery supporting portion of the rotating
member configured to support an outer peripheral side
of the first spring portion,

wherein the rotating member includes a blocking structure
configured to prevent the first spring portion from being
fitted into an outside of the outer periphery supporting
portion when assembling the coil spring.

2. The throttle device of claim 1, wherein the blocking
structure is positioned between the outer periphery support-
ing portion of the rotating member and the first spring
engaging portion.

3. The throttle device of claim 1, wherein the blocking
structure is configured to prevent a first loop on a side of the
first end of the first spring from being completely shifted to
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the outside of the outer periphery supporting portion when
the intermediate hook portion engages the first stopper, and
wherein the first end of the coil spring engages the first
spring engaging portion of the rotating member.

4. The throttle device of claim 1, wherein the blocking
structure is configured to prevent a first loop on a side of the
first end of the first spring portion from being fitted into a
position passing by the outside of the outer periphery
supporting portion, wherein the first end of the coil spring
engages the first spring engaging portion of the rotating
member, and wherein the first loop on the side of the first end
of the first spring portion is in contact with an internal
surface of the blocking structure.

5. The throttle device of claim 1, wherein:

the blocking structure protrudes axially from a base of the

rotating member,

the blocking structure further includes an inner inclined

surface, and

the inner inclined surface of the blocking structure

inclines inward from a top of the blocking structure
toward the base of the rotating member.

6. The throttle device of claim 1, wherein:

the first spring portion is an opener spring portion con-

figured to operate when the throttle valve is closed
further than the default position, and

the second spring portion is a return spring portion

configured to operate when the throttle valve is open
further than the default position.
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